ABSTRACT To determine whether a regional approach to surgery for ventricular tachycardia would improve on the results of previously reported methods of endocardial resection, an analysis was performed of our surgical experience over a 5 year period. Of 46 consecutive patients operated on for recurrent sustained ventricular tachycardia or ventricular fibrillation, 39 patients with ischemic heart disease underwent subendocardial resection and/or cryoablation. The mean age of the patients was 61 + 8 (SD) years, the mean left ventricular ejection fraction was 32 ± 1 1 %, and the mean number of ineffective antiarrhythmic drugs was 3.8 ± 1.2 per patient. In 35 of 39 patients in whom mapping data were obtainable, 56 (86%) tachycardias had earliest sites of activation in the left ventricle and nine (14%) had earliest sites in the right ventricle. Ten patients had 14 tachycardias (21 %) mapped to areas outside visible dense scar. Of these 35 patients, 10 underwent localized subendocardial resection and 25 underwent a regional procedure in which all areas activated before the surface QRS during ventricular tachycardia were excised and/or cryoablated. In the operative survivors of electrophysiologically guided surgery, three of eight (38%) patients with the localized and one of 24 (4%) patients who underwent the regional procedure had recurrence of ventricular tachycardia during a follow-up period of 1 to 59 (mean 22 ± 17) months (p = .04). The favorable outcome of regional surgery was not influenced by the presence of multiple morphologies in 54%, disparate sites of origin in 29%, or inferior wall foci in 46% of patients. These data suggest that (1) some ventricular tachycardias have earliest sites of activation outside visible dense scar and/or within the right ventricle, (2) a regional approach to arrhythmia ablation can lead to operative success in over 90% of patients, and (3) multiple morphologies, disparate sites, and inferior wall origin are not adverse prognostic factors to success when this approach is used.
IT IS NOW well accepted that subendocardial resection is an effective treatment for patients with ischemic heart disease and recurrent sustained ventricular tachycardia that is resistant to drug therapy.' Controversy, however, remains as to the extent of endocardium to be removed and the value of preoperative and intraoperative electrophysiologic guidance. Some groups advocate precise, map-directed, localized resection, while others perform mapping but remove almost all endocardial scar.2 4 Postoperatively, spontaneous or induced ventricular tachycardia still occurs in 30% of patients undergoing both procedures5 6 and hence re-finements are necessary to improve further the operative results. Since 1982, we have been performing an operation that combines features of both procedures, using supplemental cryothermy when indicated. The purpose of the present report is to document our favorable experience with this map-directed regional approach.
Material and methods
Patients (table 1) . Between February 1981 and July 1985, a total of 46 patients with either documented sustained ventricular tachycardia or ventricular fibrillation underwent surgery for the elimination of their arrhythmias. Thirty-nine patients had ischemic heart disease and seven had ventricular tachycardia of other causes. The latter patients are alive and free of arrhythmia and will not be further discussed.
Among the patients with ischemic heart disease, C.
mined. The electrograms used to determine local activation were those that contained high-amplitude, high-frequency components. The activation time at each site was measured from the onset of the surface QRS to the point on the electrogram at which the most rapid deflection crossed the baseline. The earliest site of endocardial activity was therefore defined as that with the earliest activation occurring before the surface QRS during the latter half of electrical diastole.3 7 Operative procedures. During normothermic bypass both epicardial and endocardial mapping of all morphologically distinct tachycardias was attempted with sequential positioning of hand-held bipolar electrodes. When the preoperative study suggested early right ventricular activation, the right ventricular endocardium was also mapped through the tricuspid valve. Sampling of multiple recording sites was facilitated by use of an intraoperative mapping grid, the distance between each site being 1 to 1.5 cm. The site of earliest identified endocardial activity was determined by intraoperative endocardial mapping when possible (figure 2). When ventricular tachycardia was noninducible or nonsustained, reliance was placed on the preoperative catheter map alone. Epicardial map data were used only when adequate endocardial data could not be obtained. 8 The aorta was then cross-clamped and cold cardioplegic solution was infused. Aneurysmectomy and subendocardial resection were both usually performed (table 1). In the first 10 patients subendocardial resection was localized to the earliest site of endocardial activation and included a small surrounding margin, as described by Harken et al.9 Eight to twenty-five square centimeters of endocardium was removed. In the next 25 patients a regional procedure was performed in which areas containing the site of earliest activity and all other early sites, particularly those activated before the QRS onset, were excised and/or cryoablated. This usually involved the ablation of 20, and commonly up to 40 cm2 of endocardium (figures 3 and 4). Supplemental cryothermy was used when arrhythmic foci were found in papillary muscles, near valve anuli, or ventricular electrograms were recorded 20 to 100 msec before any left ventricular site. Twenty-three patients had tachycardia of multiple morphologies; nine were of disparate sites of origin and 15 were of an inferior wall origin. In 10 patients there were 14 tachycardias with earliest sites of activation found outside areas of dense scarring. Six of these were located on the left side of the interventricular septum, six on the right side, one on the right ventricular free wall, and one on the crista supraventricularis.
Reasons for not obtaining complete mapping data on all patients included deterioration of hemodynamic status during tachycardia or failure to initiate and sustain tachycardia, particularly once under general anesthesia. For those tachycardias that were mapped both preoperatively and intraoperatively, localization to similar areas was seen in all cases.
Surgical results. The surgical results for the 39 patients with ischemic heart disease are shown in figure  5 . The follow-up period was 1 to 59 (mean 22 ± 17) months. There was an operative mortality of 10.2% (4/39) and a surgery-alone cure rate of 88.6% (31/35) in survivors.
The four operative deaths included two in patients who had localized procedures, one a regional and one a nonmap-directed procedure. These patients all had severe diffuse left ventricular dysfunction (ejection fractions of 14%, 16%, 18%, and 20%) and died of low cardiac output without recurrence of their arrhythmias.
Thus, of the remaining 35 operative survivors, 24 patients had regional resections, eight had localized resections, and three had nonmap-directed procedures. In 21 of 24 patients who underwent regional ablations, supplemental cryothermy was used to treat ventricular tachycardia arising from scarred inferior papillary muscles in five patients, the basal inferior wall in two patients, the right ventricular free wall in one patient, and crista supraventricularis in one other. Five patients had left-sided cryoablation of either the septum or anterior left ventricular free wall to supplement endocardial excision. This was done to extend the area of ablation to include those outside areas of scarring that were also activated before the surface QRS. In seven patients with right and/or left septal foci, cryothermy was applied to both sides of the septum by a new technique'2' 13 when earliest sites of activation were outside areas of dense scarring and intramural sites could not be excluded.
Among those undergoing map-directed procedures, postoperative recurrence of sustained ventricular tachycardia occurred in two of the eight patients who had localized procedures. These two recurrent tachycardias were identical to those seen preoperatively. A third patient died suddenly. These eight patients were followed for 1 to 59 (mean 37 + 24) months. In contrast, of 24 patients who had regional surgery, who were followed for 6 to 41 (mean 17 + 10) months, there was only one recurrence -a surgery-alone cure rate of 96% (p = .04). The postoperative tachycardia in the remaining patient had never been seen preoperatively. The three patients with recurrent ventricular tachycardia are receiving antiarrhythmic drugs. The two who had localized procedures still have occasional recurrences of ventricular tachycardia; the one patient who had a regional procedure now has suppression of his arrhythmia. A total of four late nonarrhythmic deaths also occurred: two due to heart failure, one as a result of myocardial infarction, and one from malignancy.
The distribution of possible adverse prognostic factors was evenly divided between the two groups of survivors (table 2). In those who underwent the region- Regional surgery. After failure of the localized procedure in two of our early patients, we modified our approach to ensure ablation of all areas in both ventricles activated before the onset of the surface QRS. We reasoned that treatment of a larger area would more likely include all arrhythmic sites. In the 25 patients subsequently undergoing surgery by the regional approach, only one patient died (4%). The occurrence of this death early in our experience, coupled with the deaths in the previous three patients, led to a subsequent policy of avoiding surgery in patients with diffuse global left ventricular dysfunction and ejection fractions of around 15%. Indeed, no further deaths have occurred in the last 21 patients and the overall surgical cure rate for all patients treated by this procedure has been 96%. Although the mean follow-up period was shorter for patients undergoing the regional procedure, all such patients remaining free of arrhythmia have now been followed for 6 months or longer and the difference in outcomes between the two groups has been statistically significant (figure 7).
Our criteria for determining success included failure to induce ventricular tachycardia at the postoperative electrophysiologic study and lack of spontaneous recurrence. In the electrophysiologic protocol epicardial wires were routinely used and included one additional extrastimulus beyond those that induced preoperative arrhythmias. Triple extrastimuli were usually applied. The predictive value of a normal study was 91%, a result similar to those of previous reports in which endocardial catheters alone were used.5 6 While it has been suggested by others5 that multiple morphologies, disparate sites of origin, and inferior wall foci may be adverse prognostic features for the success of localized resection, these did not appear to influence the results of regional surgery. Among the operative survivors of regional surgery, 18 (75%) patients had one or more of these features; none of these patients had recurrent arrhythmias. It is possible that the wider regional procedure both allows for inclusion of disparate sites and compensates for any potential inconsistency between the area of endocardial breakthrough and the anatomic site of arrhythmogenic tissue. Use of cryothermy has also obviated the problems associated with resections of inferior wall endocardium in the region of the posteromedial papillary muscle and mitral valve anulus.
Importance of endocardial mapping. We believe that an additional reason for the high rate of surgical success was the contribution of endocardial mapping. Among patients who underwent map-directed procedures, endocardial mapping data was available for 90% of all spontaneous or induced arrhythmias. With identification of early sites of activation, relevant areas could be selectively treated. When scarred papillary muscles were not implicated, these areas could be spared and mitral valve replacement avoided. 4'6 The importance of detailed endocardial mapping was further emphasized by the 10 patients in this series who had tachycardias with earliest sites of activation found outside areas of dense scarring. In each case, intraoperative inspection showed these sites to be macroscopically indistinguishable from other areas of the ventricle. These areas probably represented border zones of heterogeneous infarction, which are known to be highly susceptible to the formation of arrhythmias. 25 Previous pathologic studies have shown that in patients with multivessel disease, infarction may frequently be heterogeneous, with affected areas found in diverse locations.26 Moreover, small areas of necrosis may be difficult to see on gross inspection and overlying endocardium sometimes appears macroscopically normal.26 Alternatively, it is possible that such sites of endocardial breakthrough represent preferential conduction from neighboring foci. These sites were therefore cryoablated together with surrounding areas of early activation. In all 10 patients, ventricular tachycardia was effectively abolished, a result that suggests that mapping was an important determinant in the success of surgery.
Josephson et al."' have also discussed the importance of endocardial mapping, and have emphasized the need for both preoperative and intraoperative electrophysiologic mapping. Consistent with the experience of others,'9' 21, 27 we frequently were not able to obtain intraoperative endocardial maps due to failure to initiate or sustain ventricular tachycardia. Our current policy, therefore, is to attempt to map all tachycardias preoperatively and select for surgery patients in whom the majority of tachycardias can be mapped.
Utility of cryothermy. The differences between results from the present study using endocardial resection and cryothermy and those using endocardial resection alone may also be, in 
